Introduction
Sulfonamides have been demonstrated to possess antibacterial [1] - [3] , antifungal [4] , insulin-releasing [5] [6] , carbonic anhydrase inhibitory [7] - [9] , hypoglycemic [10] , anesthetic [11] , anti-inflammatory [12] [13] , andanticarcinogenic [14] [15] activities. Liver cancer (hepatocellular carcinoma) remains one of the most important health problems in the world because it is the third foremost cause of cancer-related deaths worldwide [16] . In view of these reports and as a continuation of previous works [17] - [21] directed towards the synthesis of substituted heterocycles, incorporating benzenesulfonamide with anticipated biological activities, therefore, this article reports new and convenient methods for the synthesis of heterocyclic ring systems that are required to medicinal chemistry utilizing 1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (1) as a starting material. Since, the carbonyl and the methyl functions of compound 1 suitably situated to enable reaction with common bi-dentate reagents to form a variety of heterocyclic compounds having sulfonamide function, and investigated their anti-human liver cancer activities.
Material and Methods

Experimental
Melting points (˚C, uncorrected) were determined in open capillaries on a Gallen Kemp melting point apparatus (Sanyo Gallen Kemp, Southborough, UK). IR spectra (KBr) were recorded on FT-IR 5300 spectrometer and Perkin Elmer spectrum RXIFT-IR system (ν, cm −1 ). Pre-coated silica gel plates (silica gel 0.25 mm, 60 G F 254; Merck, Germany) were used for thin layer chromatography. The NMR spectra in (DMSO-d 6 ) were recorded at 300 MHz on a Varian Gemini NMR spectrometer (δ, ppm). Mass spectra were obtained on GC Ms-QP 1000 EX mass spectrometer at 70 ev. Elemental analyses were performed on Carlo Erba 1108 Elemental Analyzer (Heraeus, Hanau, Germany). All compounds were within ± 0.4% of the theoretical values. Analyses were carried out by the Micro analytical Research Center, Faculty of Science, Cairo University and Al-Azhar University. 1-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)ethanone (1) was prepared according to the procedures reported in the literature [22] . Yellowish white crystals, Yield, 83%; mp 115˚C -116˚C (ethanol). IR (KBr, cm 
2-Bromo-1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (2)
To a stirred solution of 1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (1; 2.53 g, 0.01 mol) in dioxane/diethyllether mixture (1:2) (30 mL), the bromine (1.59g, 0.01 mol) was added drop wise with constant stirring.After complete addition, the reaction will left for 1 h, then the reaction mixture poured in cold water (100 mL), the separated solid was filtered off and recrystallized from ethanol to give 2. White crystals, Yield, 90%; mp 96˚C -98˚C. IR (KBr, cm −1 ): v max = 3056 (CH aromatic), 2909 (CH aliphatic), 1707 (C=O), 1336, 1161 (SO 2 ). 1 H NMR (DMSO-d 6 ): δ = 1.99 (t, 4H, CH 2 -CH 2 pyrrolidine), 3.27 (t, 4H, CH 2 -N-CH 2 pyrrolidine), 4.56 (s, 2H, CH 2 ), 7.84, 8.22 (dd, 4H, Ar-H, AB system, J = 8.57 Hz). 13 
2-(1-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)ethylidene)hydrazinecarbothioamide (3)
A mixture of acetophenone derivative 1 (2.53 g, 0.01 mol) and thiosemicarbazide (0.91 g, 0.01 mol) in ethanol (50 mL) was heated under reflux for 5 h, during the reflux period, a pale yellow crystalline solid was separated. The separated solid was filtered off, washed with ethanol, dried and recrystallized from ethanol/benzene to give 3. White crystals, Yield, 53%; mp 130˚C -131˚C. IR (KBr, cm −1 ): v max = 3414, 3310 (NH 2 ), 3198 (NH), 3077 (CH aromatic), 2956 (CH aliphatic), 1587 (C=N), 1345, 1165 (SO 2 ), 1280 (C=S). 1 1-(4-(pyrrolidin-1-ylsulfonyl) 
4-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)-2-(2-(
4-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)thiazol-2-amine (5)
1) Procedure (A) Thiourea (1.52 g, 0.02 mole) and I 2 (2.53 g, 0.01 mole) were triturated and mixed with acetophenone derivative 1 (2.53 g, 0.01 mol) in dioxane (40 mL). The mixture was refluxed with occasional stirring for 8 h. The obtained solid was washed with aqueous sodium thiosulfate to remove excess iodine and then with water. The crude product was dissolved in hot water, filtered to remove the sulphone, and 2-aminothiazole derivative 5 was precipitated by addition of NH 3 , H 2 O. The crude product was dried and recrystallized from dioxane to give 5, (yield 23%).
2) Procedure (B)
A solution of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and thiourea (0.76 g, 0.01 mole) in ethanol (40 mL) was refluxed for 2 h. After addition of pyridine (5 mL) and continued reflux for 5 h, the solvent was removed in vacuo. The obtained product collected and recrystallized; mp and mixed mp determined with authentic sample gave no depression. Yellow crystals, Yield, 90%; mp 203˚C -204˚C. IR (KBr, cm 
2-Cyano-N-(4-(4-(pyrrolidin-1-ylsulfonyl)phenyl)thiazol-2-yl)acetamide (6)
A mixture of 2-aminothiazole derivative 5 (3.09g, 0.01 mol) and ethyl cyanoacetate (1.13 g, 0.01 mol) was heated at 160˚C for 30 min. the separated solid was filtered off and recrystallized from ethanol to give 6. Buff solid, Yield, 66%; mp 230˚C -231˚C. IR (KBr, cm 
2-(2-(4-Fluorobenzylidene)hydrazinyl)-4-(4-(pyrrolidin-1-ylsulfonyl)phenyl)thiazole (11)
1) Procedure (A) A mixture of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and 2-(4-fluorobenzylidene)hydrazinecarbothioamide (1.97 g, 0.01 mol) in ethanol (30 mL) was refluxed for 3h. The solid product which formed on heating collected by filtration and recrystallized from dioxane to give 11, (yield 70%).
2) Procedure (B)
Amixture of 2-hydrazinylthiazole derivative 10 (3.24 g, 0.01 mol) and 4-fluorobenzaldehyde (1.24 g, 0.01 mol) in ethanol (20 mL) was refluxed for 2 h. The obtained product which formed was collected by filtration and recrystallized to give 11, mp and mixed mp determined with authentic sample gave no depression. 
3-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)imidazo[1,2-a]pyridine (14)
A mixture of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and 2-aminopyridine (0.94 g, 0.01 mol) in ethanol (30 mL) was refluxed for 3 h. The solid product collected by filtration and recrystallized from acetic acid to give 14. Brown crystals, Yield, 32%; mp 300˚C -301˚C. IR (KBr, cm 
5-(4-(Pyrrolidin-1-ylsulfonyl)phenyl)-7H-imidazo[2,1-c][1,2,4]triazole (15)
A mixture of phenacyl bromide derivative 2 (3.32g, 0.01 mol) and 4H-1,2,4-triazol-3-amine (0.84g, 0.01 mol) in ethanol (30 mL) was refluxed for 4 h. The solid product collected by filtration and recrystallized from dioxane to give 15. Brown crystals, Yield, 44%; mp 249˚C -250˚C. IR (KBr, cm 
2-((4-Chlorophenyl)amino)-1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (16)
A Solution of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and 4-chloroaniline (1.52 g, 0.012 mol) in ethanol (30 mL) was heated under reflux for 3 h, after cooling the solid product which formed, was collected and recrystallized from ethanol to give 16. 
2-Oxo-2-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethyl diethylcarbamodithioate (17)
A mixture of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and ammonium diethylcarbamodithioate (1.66 g, 0.01 mol) in ethanol (20 mL) was heated under reflux for 4 h, during the reflux period, a brown crystalline solid was separated. The separated solid filtered off, washed with ethanol/water and recrystallized from ethanol to give 17. Brown solid, Yield, 63%; mp 119˚C -120˚C. IR (KBr, cm 
General Procedure for the Formation of Compounds 20, 22
To a stirred solution of a suspension of finely powdered potassium hydroxide (0.56 g, 0.01 mol) in dry dimethylformamide (10 mL), ethyl cyanoacetate (1.13 g, 0.01 mol) and/or malononitrile (0.66 g, 0.01 mol) and then phenyl isothiocyanate (1.35 g, 0.01 mol) was add in portions. The reaction mixture was stirred at room temperature with phenacyl bromide derivative 2 (3.32 g, 0.01 mol)and left at room temperature for 3 h, then it was poured onto ice/water and acidified with 0.1 N HCl. The resulting precipitate filtered off, washed with water, dried and recrystallized to give 20 and 22, respectively.
1) Ethyl 2-cyano-2-(3-phenyl-4-(4-(pyrrolidin-1-ylsulfonyl)phenyl)thiazol-2(3H)-ylidene)acetate (20)
Brown crystals, Yield, 59%; mp 222˚C -223˚C (ethanol 
4,6-Dimethyl-2-((2-oxo-2-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethyl)thio)nicotinonitrile (25)
A solution of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) in ethanol (50 mL) and 2-mercapto-4,6-dimethylnicotinonitrile (1.64 g, 0.01 mol) was refluxed for 3 h. The solid product, which formed on heating, collected by filtration and recrystallized from ethanol to give 25. 
N-Phenyl-5-(4-(pyrrolidin-1-ylsulfonyl)phenyl)-6H-1,3,4-thiadiazin-2-amine (27)
A solution of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) in ethanol (50 mL) and N-phenylhydrazinecarbothioamide (1.67 g, 0.01 mol) was refluxed for 3 h. The solid product that formed on heating collected by filtration and recrystallized from ethanol/benzene to give 27. White solid, Yield, 50%; mp 191˚C -193˚C. IR (KBr, cm 
General Procedure for the Formation of Compounds 30, 31
A mixture of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and o-phenylenediamine (1.08 g, 0.01 mol) and/or o-aminothiophenol (1.25 g, 0.01 mol) in ethanol (40 mL) was refluxed for 5 h. The solid product, which formed on heating, collected and recrystallized to give 30 and 31, respectively. Pyrrolidin-1-ylsulfonyl) 
1) 2-(4-(
4-((4-Chlorophenyl)diazenyl)-5-methyl-2-(4-(4-(pyrrolidin-1-ylsulfonyl)phenyl)-thiazol-2-yl)-1H-pyrazol-3(2H)-one (35) 1) Procedure (A)
To a cold solution of 34 (3.90 g, 0.01 mol) in pyridine was added 4-chlorobenzenediazonium chloride (0.012 mol) (prepared by diazotization of 4-chloroaniline (1.52 g, 0.012 mol) in concentrated HCl (6 mL) with sodium nitrite (0.69 g in 5 mL H 2 O) at 0˚C) portion wise over 30 min. with constant stirring. After complete addition, the reaction mixture was stirred for a further 3 h at 0˚C, the solid product was filtered off, washed with water, dried and recrystallized from ethanol/benzene to give 35, (yield 87%).
2) Procedure (B)
A mixture of phenacyl bromide derivative 2 (3.32 g, 0.01 mol) and 4-((4-chlorophenyl)diazenyl)-3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbothioamide (2.95 g, 0.01 mol) in ethanol (30 mL) was refluxed for 1h. 
Docking and Molecular Modeling Calculations
Materials
Docking and molecular modeling calculations were carried out in the department of pharmaceutical chemistry, Faculty of pharmacy, Alexandria University. All the molecular studies were carried out on an Intel Pentium 1.6 GHz processor, 512 MB memory with windows XP operating system using Molecular Operating Environment (MOE 2005.06; Chemical Computing Group, Montreal, Canada) as the computational software. All the minimizations were performed with MOE until a RMSD gradient of 0.05 K Cal/mol•Å with MMFF94X force field and the partial charges were automatically calculated.
General Methodology
The coordinates of the X-ray crystal structure of methotrexate (MTX) bound to dihydrofolate reductase (DHFR) enzyme (PDB ID: 4DFR) were obtained from Protein Data Bank (PDB ID: 1BID). Enzyme structures were checked for missing atoms, bonds and contacts. Hydrogen atoms were added to the enzyme structure. Water molecules and bound ligands were manually deleted. The ligand molecules were constructed using the builder molecule and were energy minimized. The active site was generated using the MOE-Alpha site finder. Dummy atoms were created from the obtained alpha spheres. Ligands were docked within the dihydrofolate reductase active sites using the MOE-Dock with simulated annealing used as the search protocol and MMFF94X molecular mechanics force field for 8000 interactions. The lowest energy conformation selected and subjected to an energy minimization using MMFF94X force field.
Docking on the Active Site of Dihydrofolate Reductase (DHFR)
The recent determination of the three dimensional co-crystal structure of dihydrofolate reductase complexed with the potent inhibitor, methotrexate (MTX) (PDB ID: 4DFR) has led to the development of a model for the topography of the binding site of dihydrofolate reductase.
In Vitro Anticancer Screening
Cytotoxicity activity was measured in vitro for the newly synthesized compounds using the Sulfo-Rhodamine-B stain (SRB) assay [23] . Cells were plated in 96-multiwell micro titer plates (10 4 cells/well) for 24 h before treatment with the compound(s) to allow attachment of cells to the wall of the plate. Test compounds dissolved in DMSO and diluted with saline to the appropriate volume. Different concentrations of the compound under test (50, 25, 12.5, 6.25 and 3.125 µg/mL) were added to the cell monolayer. Triplicate wells were prepared for each individual dose. Monolayer cells were incubated with the compound(s) for 48 h at 37˚C in an atmosphere of 5% CO 2 . After 48 h cells were fixed, washed and stained for 30 min with 0.4% (wt/vol) with SRB dissolved in 1% acetic acid. Excess unbound dye was removed by four washes with 1% acetic acid and attached stain was recovered with Tris-EDTA buffer. Color intensity was measured in an ELISA reader. The relation between surviving fraction and drug concentration was plotted to obtain the survival curve for breast tumor cell after the specified time [23] . The molar concentration required for 50% inhibition of cell viability (IC 50 ) was calculated and the results presented in ( Table 1) . The significant differences in the compounds' cytotoxicity were supported by the results of the selectivity index (SI), which is the ratio of the concentration that causes 50% death in 
Results and Discussion
Chemistry
Treatment of 1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (1) with bromine in a mixture of dioxane/diethy-lether afforded the 2-bromo-1-(4-(pyrrolidin-1-ylsulfonyl)phenyl)ethanone (2) in a good yield, (Scheme 1). The IR spectrum of compound 2 showed strong absorption band at ν = 1707 cm −1 assignable to ketonic carbonyl group. Other important bands revealed at ν = 1336 and 1161 cm −1 characterized for sulfonyl group. The 1 H NMR spectrum showed two triplet signals at δ = 1.99 and 3.27 ppm corresponding to pyrrolidine protons, and a singlet signal at δ = 4.56 ppm due to active methylene of bromoacetyl moiety. Other important signal appeared at δ = 7.84 and 8.22 ppm due to aromatic protons. Furthermore, the 13 C NMR spectrum of compound 2 displayed two important signals at δ = 32.7 and 193.5 ppm corresponding to the active methylene of bromoacetyl and ketonic carbonyl carbons, respectively. The mass spectrum of compound 2 revealed molecular ion peaks at m/z = 331 and 333 reflecting the isotopes of bromine. Condensation of 1 with thiosemicarbazide gave the corresponding thiosemicarbazone derivative 3, which when reacted with phenacyl bromide derivative 2 afforded the corresponding thiazole derivative 4, which exhibited singlet signal in 1 H NMR due to CH-thiazole at δ = 7.28 ppm and (D 2 O exchangeable) signal at δ = 8.87 ppm due to NH proton (Scheme 1).
2-Aminothiazole derivative 5, was synthesized by two different methods, either starting with an acetophenone derivative 1 (Method 1) or phenacyl bromide derivative 2 (Method 2). Method 1, which involves the reaction of 1 and thiourea in the presence of equivalent amount of iodine. The yield was low, furthermore, iodine had to be recycled because of it is the pollution problems. In order to overcome these drawbacks, the second method was employed. When phenacyl bromide derivative 2, was reacted with thiourea in ethanol (Method 2), the yield could be raised to 90% and the reaction time was decreased (Scheme 2). The IR spectrum of 5 showed, two bi-forked characteristic absorption bands at ν = 3384 and 3334 cm −1 assignable to amino group. Its 1 H NMR spectrum revealed a single signal of one proton appeared in aromatic region at δ = 6.99 ppm, corresponding to CH-thiazole, and (D 2 O exchangeable) singlet at δ = 7.45 ppm, corresponding to amino protons. The 13 C NMR spectrum of compound 5 revealed nine carbon types; for thirteen carbon atoms; the most important signals appeared at δ = 105.2 and 170.3 ppm corresponding to thiazole-C5 and thiazole-C2, respectively. The mass spectrum of 5 showed a molecular ion peak at m/z = 309. The investigation was extended to include the behavior of 2-aminothiazole derivative 5 towards some electrophiles. Thus, treatment of 5 with ethyl cyanoacetate gave acyclic cyanoacetamide derivative 6, rather than the expected cyclic product of thiazolo[3,2-a]pyrimidine derivative 7. The obtained product was established based on elemental analysis and spectral data. Thus, IR spectrum of 6 revealed absorption bands at ν = 3273, 2220 and 1696 cm −1 due to NH, cyano and carbonyl groups, respectively. 1 H NMR spectrum showed singlet signal at δ = 4.20 ppm due to active methylene protons, and (D 2 O exchangeable) signal at δ = 9.15 ppm due to NH proton. On other hand, condensation of 5 with 4-flourobenzaldehyde in boiling ethanol gave the corresponding 4-fluorobenzylidene derivative 8 (Scheme 2).
Interaction of phenacyl bromide derivative 2 with thiosemicarbazide afforded 2-hydrazinyl thiazole derivative 10, instead of 2-aminothiadiazine derivative 9, the appearance of NH absorption band at ν = 3269 cm −1 , in IR spectrum, and at δ = 10.35 ppm, in 1 H NMR spectrum, supported the structure 10 and ruled out the other possible structure 9. Cyclocondensation of 2 with 4-fluorobenzylidenethiosemicarbazide gave thiazole derivative 11, an equivocal support for structure 11 was achieved via its synthesis through condensation of 2-hydrazinyl thiazole derivative 10 with 4-fluorobenzaldehyde in refluxing ethanol (Scheme 3). 
dioxane/diethylether Cyclocondensation of 2 with thioacetamide derivatives namely thioacetamide and phenylthiourea gave thiazole derivatives 12a,b, respectively (Scheme 4). Thiazole derivatives 12a,b were established on the basis of elemental analysis and spectral data. Thus, IR spectrum of 12a lacked the absorption band of carbonyl function and revealed absorption bands at ν = 1339, 1161 cm −1 due to sulfonyl group. However, showed singlet signal at δ = 8.97 ppm due to NH proton, which discharged with D 2 O. Also, compound 2 reacted with potassium cyanide in refluxing ethanol to afford acyclic product identified as 3-oxo-3-(4-(pyrrolidin-1-ylsulfonyl)phenyl)propanenitrile (13) which confirmed by elemental analysis and spectral data. Thus, IR spectrum revealed an absorption band at ν = 2218 cm −1 corresponding to cyano group. 1 H NMR spectrum showed a singlet signal at δ = 3.67 ppm corresponding to active methylene protons. Additionally, interaction of phenacyl bromide derivative 2 with 2-aminopyridine and 3-amino-1,2,4-triazole afforded fused imidazo derivatives 14, 15, respectively. IR spectrum of 14 lacked the absorption band of carbonyl function of bromoacetyl moiety and its mass spectrum was compatible with molecular formula C 17 H 17 N 3 O 2 S (M + : 327).
1
H NMR spectrum of 15 showed two triplets signals at δ = 1.92 and 3.77 ppm corresponding to pyrrolidine protons. Besides, singlet signals at δ = 7.51 and 8.81 ppm due to CH-6 and CH-3, respectively, of imidazotriazole ring, in addition to, D 2 O exchangeable signal at δ = 12.01 ppm due to NH proton. Aligned with the aim of synthesis of different substituted pyrrolidine benzenesulfonamide, compound 2 was reacted either with 4-chloroaniline or ammonium diethylcarbamodithioate to afford compounds 16 and 17, respectively (Scheme 4).
Treatment of a solution of ethyl acetoacetate in DMF with phenyl isothiocyanate in the presence of potassium hydroxide, at room temperature followed by the addition of an equimolar amount of phenacyl bromide derivative 2 afforded only one isolable product (TLC) for which three proposed structures 18, 19 or 20 seemed possible (Scheme 5). Structures 18 and 19 were ruled out on the basis of 1 H NMR spectrum of the isolated product. Thus, 1 H NMR spectrum of 20 showed singlet signal at δ = 6.73 ppm due to CH-thiazole. On the other hand, when potassium salt of malononitrile was treated with 2 furnished only one isolable product (TLC) for which two proposed structures 21 or 22 seemed possible (Scheme 5). Structure 21 was ruled out based on IR, and mass spectral data. Thus, IR spectrum of 22 showed no absorption bands for NH, NH 2 or C=O groups, 1 H NMR spectrum showed singlet signal at δ = 7.21 ppm due to CH-thiazole, and the mass spectrum was compatible with the molecular formula C 22 cyclize 2 with 2-mercapto-4,6-dimethylnicotinonitrile [27] to afford thieno [2,3-b] pyridine derivative 26 were not successful, instead the acyclic product 25 was obtained, the latter structure was confirmed based on IR and 1 H NMR spectral data. Thus, IR spectrum of 25 revealed absorption band at ν = 2225 cm −1 , due to cyano group and no absorption band for amino group, 1 H NMR spectrum showed singlet signal at δ = 4.57 ppm, for methylene protons. Interaction of 2 with N-phenylhydrazinecarbothioamide afforded thiadiazine derivative 27. The other possible isomeric structure 2-(phenylimino)-4-(4-(pyrrolidin-1-ylsulfonyl)phenyl)thiazol-3(2H)-amine (28) was discarded based on elemental analyses. Among, IR spectrum of 27 lacked absorption bands for amino function and exhibited an absorption band at ν = 3115 cm −1 corresponding to NH function. Furthermore, 1 H NMR spectrum showed singlet signal at δ = 4.32 ppm due to CH 2 protons of thiadiazine ring. The presence of ten aromatic carbon types for fourteen aromatic carbon atoms on 13 C NMR spectrum between δ = 119.0 and 168.2 ppm, in addition three aliphatic carbon types for five carbon atoms of pyrrolidine moiety at δ = 23.9 and 72.3 ppm, and thiadiazine moiety at δ = 29.8 ppm. Besides, the mass spectrum was compatible with the molecular formula C 19 H 20 N 4 O 2 S 2 , m/z = 400 confirmed structure 27.
Treatment of phenacyl bromide derivative 2 with o-phenylenediamine in refluxing ethanol afforded a crystalline product identified as 2-(4-(pyrrolidin-1-ylsulfonyl)phenyl)quinoxaline (30) in an excellent yield (Scheme 7). A plausible mechanism may involve the condensation of one of phenylenediamine amino groups with the carbonyl group of bromoacetyl moiety, while the second amino group replaced bromine atom via nucleophilic substitution. The expected product is the dihydroquinoxalinyl derivative 29, however, the spectral data of the isolated product established that the dihydroquinoxalinyl derivative 29 was oxidized under the reaction conditions Interaction of phenacyl bromide derivative 2 with 3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbothioamide [28] in refluxing ethanol gave thiazolylpyrazole derivative 34. Scheme 8 shows three tautomeric structures (a-c) for 34, with tautomeric form-c predominate. IR spectrum of the isolated product revealed absorption bands at ν = 3210, 1672 cm −1 due to NH and C=O groups, respectively. The 1 H NMR spectrum showed a singlet, of one proton, at δ = 5.27 ppm due to pyrazole-H 4 , and (D 2 O exchangeable) signal at δ = 8.44 ppm due to NH proton. Finally, the methylene group in 34 proved to be highly reactivity, thus compound 34 underwent coupling with equimolar amount of 4-chlorobenzenediazonium chloride in pyridine solution at (0˚C -5˚C) to afford a colored product 35, for which the three isomeric structures a, c as azo forms and b as hydrazo form (Scheme 8). IR spectrum of the isolated product revealed absorption bands atν = 3165 and 1666 cm −1 due to NH and C=O groups, respectively. 1 HNMR spectrum showed signals at δ = 7.69 and 8.59 ppm due to thiazol-H 5 and NH group, respectively. Structure 35 was further confirmed unequivocally by an independent synthesis from the reaction of compound 2 with 4-((4-chlorophenyl)diazenyl)-3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbothioamide in refluxing dioxane solution (Scheme 8).
Docking and Molecular Modeling
Thymidylate synthase and dihydrofolate reductase are among the main targets involved in anticancer and antimicrobial activity [29] [30] . Molecular modeling study using Molecular Operating Environment (MOE) [31] module was performed in order to rationalize the observed anticancer activity of the newly synthesized compounds. Molecular docking studies further help in understanding the mode of action of the compounds through their various interactions with the active sites of dihydrofolate reductase.
Docking of MTX into DHFR
The active site revealed that hydrogen bond interactions beside hydrophobic interactions were considered responsible for the observed affinity as it acts as a hydrogen bond donor to the backbone Ile 5 and Ile 94 residues and the side chain Asp 27 residue. It also acts as a hydrogen bond accepter to Arg 52 and Arg 57 residues. This beside many hydrophobic interactions with various amino acid residues: ILe 5, Ala 6, Ala7, Asp 27, Leu 28, Phe (Figure 2) .
2) Docking of compound 2 into DHFR The active site revealed that several molecular interactions were considered responsible for the observed affinity, as the one oxygen atom of SO 2 moiety acted as a hydrogen bond acceptor with the side chain residues; Thr 56 and Ser 59 (3.63 Å and 3.16 Å, respectively) with a strength of 2.4% and 10.9%, respectively. Besides to, hydrophobic interactions involving the bromine atom, oxygen atom of carbonyl function and other carbons as well the second oxygen atom of SO 2 (Figure 4) .
4) Docking of compound 5 into DHFR
The active site illustrated the presence of several interactions of the one oxygen atom of SO 2 moiety with different amino acid residues as it acted as a hydrogen bond acceptor with the side chain residues; Thr 56 and Ser 59 (3.57 Å and 3.02 Å, respectively) with a strength of 2.4% and 21.4%, respectively. This beside hydrophobic interaction among the amino function, sulfur atom and C 4 of thiazole moiety, C 2,6 of benzene ring, oxygen atoms of SO 2 moiety and pyrrolidine C 2 , C 3 , C 5 (Figure 7) . 7) Docking of compound 13 into DHFR The active site revealed the presence of hydrogen bond interactions between one oxygen atom of SO 2 moiety and the cyano group as they acted as a hydrogen bond acceptor with the side chain residues; Thr 56 and Thr 136 (3.41 Å and 3.25 Å, respectively) with a strength of 1.6% and 13%, respectively. There is also hydrophobic interactions involving the pyrrolidine C 2 , C 3 , C 4 as well as the oxygen atoms of SO 2 (Figure 11 ). Docking was performed for the compounds 1, 2, 4, 5, 8, 11, 13, 20, 24 and 33 on the dihydrofolate reductase in a trial to predict their mode of action as anticancer drugs. The compounds show several interactions with dihydrofolate reductase enzyme. Particularly noteworthy are the compounds 4, 8, 11, 20, 24 and 33, which suggest that they might exert their action through inhibition of the DHFR enzyme ( Table 2) . It is clear from the present data that the comparison of the docking score energy for tested compounds that the compounds follows the order 4 > 20 > 8 > 11 > 33 > 24 > 5 > 13 > 1 > 2, as shown in Chart 1.
Docking and Molecular Modeling
In Vitro Anticancer Activity
The newly synthesized compounds were evaluated for their in-vitro cytotoxicity against human liver hepatocel- Score: for all scoring functions, lower scores indicate more poses that are favorable. The unit for all scoring functions is kcal/mol. E-conf: the energy of the conformer. If there is a refinement stage, this is the energy calculated at the end of the refinement. E-place: Score from the placement stage (Placement. A collection of poses is generated from the pool of ligand conformations using one of the placement methods). E-score 1: Score from the first rescoring stage. E-score 2: Score from the second rescoring stage. E-refine: Score from the refinement stage (Refinement: Energy minimization of the system is carried out using the conventional molecular mechanics setup). lular carcinoma cell line (HepG2). Some of the tested compounds were more potent compared with methotrexate as the reference drug. From the obtained results in 
Conclusion
This article proved that compounds having pyrrolidine benzenesulfonamide moiety attached to different heterocyclic moieties such as thiazole 4, 8, 11, 12a, 22 and 35, imidazo[2,1-b]thiazole 33 and 1,3,4-thiadiazine 27, showed a significant cytotoxic activity against human liver hepatocellular carcinoma cell line (HepG2) compared to the reference drug Methotrexate.
